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GET TOP PERFORMANCE 


from WHITE HYDRO-TORQUE DRIVES 


Use Texaco D-303 Motor Oil 
for more efficient power trans- 
mission, minimum servicing 


OUR White Hydro-Torque Drives will trans- 
een power more smoothly and economically 
— will last longer and require less servicing — 
when you use Texaco D-303 Motor Oil as the 
torque fluid. 

Texaco D-303 Motor Oil serves both as torque 
fluid and gear lubricant. It is fully detergent and 
dispersive . . . resists oxidation and foaming... 
protects against sludge formation ... greatly ex- 
tends drain periods. It has greater stability, body 





and “EP” characteristics than ordinary fluids — 
guards against rust, corrosion and wear. 

Texaco D-303 Motor Oils SAE-20 and SAE-10 
are approved as torque fluids by The White 
Motor Company. These are lighter viscosities of 
the same, fine oil used by fleet operators every- 
where to assure peak engine performance and 
economy—can thus be easily obtained and stocked 
along with your other Texaco products. 

A Texaco Lubrication Engineer will gladly ex- 
plain the many benefits of using Texaco D-303 
Motor Oil in your White Hydro-Torque Drives. 
Just call the nearest of the more than:2300 Texaco 
Wholesale Distributing Plants in the 48 States, 
or write The Texas Company, 135 East 42nd 
Street, New York 17, N. Y. 


TEXACO Torque Fluid 
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Automotive Hydraulic Transmissions 
THE WHITE HYDRO-TORQUE DRIVE 





HIS article is the fourth of a series!?:3 which 
describe the development, application, and 
lubrication of American Automotive 
Hydraulic Transmissions that are in current com- 
mercial usage 
The White Hydro-Torque Drive is a highly in- 
venious though relatively simple combination of a 
fluid coupling, a single stage hydrokinetic torque 
converter and an automatic two-speed syncromesh 
transmission. While previous articles have pre- 
sented a detailed discussion, of the general theory 
underlying these separate mechanisms, a brief re- 
view is desirable in order to fully appreciate the 
unique logic which exists in a combination of them. 
It may be recalled'-? that since a fluid coupling 
contains no reaction blading it can neither increase 
nor decrease the torque applied to it; in other 
words it merely transmits torque. The fluid coupling 
is highly efficient in transmitting torque when- 
ever the output-input shaft speed ratio ts close to 1; 
as the speed ratio is decreased however, the coupling 
acts more and more like a slipping clutch in that 
it transmits the applied torque less efficiently. When 
properly used in an automotive vehicle this latter 
characteristic is highly advantageous since the slip- 
ping clutch action permits the engine speed to in- 
crease quickly and smoothly to the point where it 
is exerting its maximum torque on the coupling. 
In summary, the fluid coupling is very convenient 


those 


1LUBRICATION —Nov. 1946—Automotive Hydraulic Transmissions. 


? LUBRICATION April 1947—The Hydra-Matic Transmission. 


and efficient both as a clutch and as a coupling, bu 
is incapable alone of acting as a transmission be 
cause it can not multiply torque. Figure 1 illus 
trates these general characteristics. 

In effect, the stationary reaction blades of 
hydrokinetic torque converter*® act like lever ful- 
crums and thereby permit the converter to com 
vert or multiply the torque exerted upon it. The 
amount of torque multiplication, or torque ratio is 
dependent upon the number of stages in the con- 
verter, the angle, curvature and design of the 
blading, and particularly upon the output-input 
speed ratio. As illustrated in Figure 2, the torque 
ratio is at a maximum when the speed ratio is zero 
(generally described as “stall condition”) but de- 
creases as the speed ratio increases until at the 
so-called “clutch point’’? the output torque just 
equals the input. Maximum efficiency of a high 
order is obtained just before the clutch point, but 
the efficiency curve drops precipitously if opera- 
tion at speed ratios beyond the clutch point is at- 
tempted. Very high torque ratios under stall con- 
ditions can be obtained by increasing stages and 
otherwise modifying the design but the general 
result is a decrease in maximum efficiency, and a 
decrease in the clutch point speed with resultant 
decrease in the usable speed range of the converter. 

A re-examination of Figures 1 and 2 will show 
that the characteristics of the fluid coupling and 
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The reader is reminded that ‘‘clutch point’ is a term used to designate that condition in a Hydrokinetic Torque Converter when the 
tput torque exactly equals the input (or the torque ratio equals one). T ter s used without regard to the presence or absence of 
n auxiliary mechanical cl 1f¢ h. 
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torque converter are complementary to each other; 
i.e. One is most capable when the other is least. 
For example, the converter powerfully multiplies 
applied torque at low speed ratios whereas the 
coupling can only transmit the applied torque. 
However, at high speed ratios the fluid coupling 
transmits torque at high efficiency whereas the con- 
verter falls down miserably. The possibility and 
desirability of combining the characteristics of a 
coupling and a converter are self-evident. 

Early designers® correctly deduced that the real 
cause of a converter’s sudden deficiency above its 
“clutch point” must be due to an abrupt and un- 
desirable change in the fluid flow from pump blad- 
ing through the reaction blading to the turbine. 
In other words, at the clutch point the pump and 
turbine blading of the converter are moving at very 
nearly the same speed and in the same direction, 
consequently an orderly transfer of fluid between 
them should be possible. But interposed between 
the pump and turbine blading we have a rigid and 
uncompromising stationary set of reaction blades 
which are now placed angularly across the line of 
fluid flow, and thereby interfere by causing chaotic, 
turbulent (and therefore inefficient) fluid flow. 
Actually, under this condition the fluid from the 
pump impinges against the back sides of the re- 
action blading! If some way could be devised to 
remove or at least isolate the reaction blading in a 
converter, preferably by automatic means, we would 
obtain the highly desirable combination of a fluid 
coupling and hydrokinetic torque converter. As will 
be seen this combination is accomplished most in- 
geniously and simply in the White Hydro-Torque. 

Figure 4 illustrates the principal elements of the 
combination single stage converter and fluid coup- 
ling used in the White Hydro-Torque Drive, 
together with the auxiliary transmission which we 
will ignore for the time being. The converter- 
coupling consists of the usual pump which is bolted 
to the cover and driven through the coupling gear 
by the engine. Enclosed within the pump-cover 
assembly is the output turbine which is splined to 
and drives the main drive gear assembly. Enclosed 
within and between the pump and turbine but 
entirely separate from them is the reaction member. 
Figure 5 illustrates the assembly and testifies to its 
unique compactness. For the moment, however, 
primary attention is invited to Figure 4 and to the 
reaction member which is at least the heart and 
half of the brain of the converter-coupling. The 
reaction member is a precision aluminum casting 
which incorporates the single set of reaction blad- 
ing, the whole being mounted on the outer race of 
a sprag type one-way clutch or free-wheel unit. 
The inner stationary race of the one-way clutch, 
and of course the reaction member, are supported 
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on the stationary hollow reaction sleeve assembly. 
In other words, this ingenious application of a free 
wheel unit permits the reaction member to furnish 
reaction only when reaction is required, and other- 
wise permits the reaction member to freely rotate in 
the same direction and speed as the converter output 
turbine. Simply stated, the free wheel device in 
the reaction member is responsible for the abilities 
of the whole device to operate either as a converter 
or fluid coupling, and to transfer smoothly and 
wholly automatically from converter to coupling 
operation (and vice versa) in complete and sensi 
tive response to the vehicle’s torque requirement 
Referring over to Figure 3, the combination con 
verter-coupling operates wholly as a single stage 
converter when the speed ratio is below the clutch 
point. As soon as the clutch point is reached rx 
action forces on the reaction stage become zcro, 
the reaction member is released to rotate with th: 
turbine and the whole device thereby becomes an 
efficient fluid coupling. 


Referring again to Figure 3, it will be noted that 
the practical maximum torque ratio of a single 
stage converter is about 3.6 which is neither suth 
cient in itself to start and accelerate a heavy vehicle. 
nor to propel it up a steep grade. For example 
it will be recalled* that other commercial 
verters are of the three-stage type which ordinarily 
have a torque ratio of almost 6. However, the 
avoidance of mechanical complications as well as 
other considerations dictate the use of only a singl« 
stage if a converter is to be combined with a fluid 
coupling, consequently some auxiliary torque multi 
plying device such as an automatic two speed gear 
set is required. 


con 


Figure 6 illustrates the results obtained from a 
well designed combination of a converter, fluid 
coupling and automatic two speed gear set. It will 
be noted that these curves are actually a doubling 
up of those presented in Figure 3 since the con- 
verter-coupling operates similarly regardless of 
whether the auxiliary gear set is in low or high 
speed position. These curves have been meticulous- 
ly plotted to show the slight variations that are in- 
dicative of the cooperation between the three major 
elements of such a transmission: during actual 
operation in the vehicle these variations are too 
minor to be detectable. Fer example, the transmis- 
sion illustrated in Figure 4 is designed.to effect a 
gear shift at a vehicle speed of 25 miles per hour. 
Starting from a standing stop (the gear set being 
in low gear), we obtain the unusually high torque 
ratio of 7.5 which of course, represents the con- 
verter torque ratio of 3.6 multiplied about twice, 
(actually 1.982) by the gear set. At the same time, 
the efficiency curve rises abruptly to a high level 
which is sustained thereafter. As the vehicle ac- 
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celerates, its torque requirements diminish and the 
converter ideally and automatically furnishes de- 
creasing torque at increasing output speeds. When 
the clutch point is attained (at 16 mph in Figure 6 
or at a speed ratio of 0.83 in Figure 5‘ the con- 
verter transfers to fluid coupling operation and 
thereafter transmits engine torque unchanged. 
With continued acceleration the output-input speed 
ratio approaches a value of one (at 25 mph, Figure 
6) and thereby provides the most advantageous 
condition to accomplish a shift to the high or direct 
gear speed of the two speed transmission. At this 
moment, and because of the increased vehicle 
torque requirement, the reaction member of the 
converter-coupling comes to a stop and the cou- 
pling again becomes a converter. Since the output- 
input speed ratio is now quite high, the converter 
operates very efficiently but briefly to again attain 
its clutch point (at 32 mph) and consequent trans- 
fer to fluid coupling operation at all higher speeds. 


Reverting to Figure 5, it will be readily seen that 
the Hydro-Torque’s two speed transmission com- 
prises the conventional mainshaft, countershaft, 
reverse idler shaft, three sets of helical gears and 
two syncromesh shift units. The two left hand sets 
of gears provide low and direct forward speeds 
respectively by shifting the syncromesh unit. (In 
Figure 5 the first syncromesh unit is engaged with 
the central mainshaft gear, locking it to the main- 
shaft, and thereby providing low gear.) The syn- 
cromesh unit itself is controlled through its shifter 
fork by an air cylinder and spring so arranged that 
the transmission will remain in low gear until air 
under pressure of about 55 pounds per square inch 
is admitted by the “high magnet valve” to com- 
press the spring. Control of this unit is vested in 
the governor system and is automatic. The second 
or right hand syncromesh unit, however, is shifted 
manually by the vehicle operator to either its for- 
ward speed, neutral, or reverse speed positions. 
Since there are no free wheeling units in any gear 
train, the transmission is always “in gear’ and the 
engine is readily and effectively usable as a brake 
when decelerating or descending grades. 


Mention has been made that the converter’s re- 
action member constitutes half of the brain in 
the White Hydro-Torque Drive: the other half is 
certainly the electro-pneumatic system which con- 
trols the high-low transmission shift. The nerve 
center of this system is represented by a unique 
differential type governor that is responsive to both 
speed and torque, and therefore worthy of closer 
examination. 


Close readers have already noticed that the curves 
in Figures 1, 2 and 3 were all plotted against the 
common parameter of speed ratio and have cor- 
rectly inferred that this ratio must therefore be of 
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major importance in defining the characteristics of 
torque converters and fluid couplings. In other 
words the re/ative speeds of the pump and turbine 
and not their actval speeds are of importance, hence 
the ordinary speed-sensitive type of governor can 
not be used directly. Although a simple mechanical 
system to measure speed rafvo is unknown, the com- 
mon differential gear as used in our vehicle axles is 
capable of measuring speed difference which closely 
and quite simply approximates our requirement. 


In the miniature differential of the White gover- 
nor, one differential pinion is driven by the converter 
turbine through the small pair of spiral gears on 
the forward end of the transmission countershaft 
as shown in Figure 5. The opposite differential gear 
is used to drive the governor. The intervening 
single spider gear (which meshes, of course, with 
both differential pinions) is driven by the engine 
converter pump system. The governor itself is ot 
the fly-ball type but contains two separate weights 
each of which operates to snap open or close a pair 
of electrical contact points. The low speed governor 
is of similar construction and appearance but ts lo 
cated at the rear of the gear box and driven solely at 
a speed proportional to that of the vehicle: among 
its most important functions is to collaborate with 
the differential governor to establish a minimum 
vehicle speed for shifting. 


The last major control component within the 
transmission itself is the High-Low switch, located 
on top of the gear box and very positively syn- 
chronized with the high-low shift through mechan- 
ical connection to the high-low shift fork shaft. 
The high-low switch contains six pairs of electrical 
contacts which are opened and closed in a pre- 
determined sequence that is built into the switch. 


The physical relationship of the Hydro-Torque 
to the engine and to all external elements of the 
control system are detailed in Figure 7. Figure 8 
presents a detailed diagram of the wiring circuit. 
While a study of these figures will provide a gen- 
eral knowledge of the control system our research- 
minded readers are advised to consult the manu- 
facturer’s maintenance manual for intimate details 
and an excellent step-by-step description of the 
operation of the control system. Some of the more 
obvious advantages of the system are as follows: 


a. The vehicle operator is relieved of all gear shift- 
ing and can, therefore, devote more attention 
to safety precautions, fare collections, and, im- 
proved public relations. 


b. Whenever convenient, such as when descending 
a very steep hill, the operator can cause the 
transmission to remain in either low or high gear 
by merely flipping the overrule switch. 
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c. The vehicle operates in hydraulic drive (either 
converter or fluid coupling) at all times with re- 
sultant smoothness of operation and excellent 
passenger comfort. 


r 
on) 


.Even with a dead storage battery, the vehicle 
engine is readily started by merely pushing the 
vehicle. 


e. Without the necessity for any attention from the 
vehicle operator, the torqtte responsive control 
system automatically provides for the best obtain- 
able acceleration and economy under any pre- 
vailing conditions of load, road resistance, speed 
and throttle opening. 


Lubrication 

Perhaps the most distinctive feature of the 
Hydro-Torque’s lubrication system is that the same 
lubricant is circulated through and used by both 
the torque converter and the gear box. Among 
other advantages, this construction avoids the neces- 
sity for converter oil seals which are difficult to 
maintain and replace. 

The converter housing contains a dual type pres- 
sure and scavenger oil pump of the rotor type 
which is geared to the converter pump assembly 
and therefore positively driven by the engine. The 
suction line of the pressure pump is connected 
through a filter to the external oil reservoir Figure 
7; the pump discharges oil under a pressure of 
between 30 and 40 pounds into the converter by 
means of a channel between the reaction member 
sleeve and converter housing. A portion of the oil 
in the converter is allowed to escape through a 
passage between the reaction sleeve and turbine 
shaft to a pressure relief valve which discharges 
through a passage in the housing to the inlet of the 
scavenger pump. The remainder of the converter’s 
excess oil enters a radial hole in the turbine shaft 
Figure 5 and thence through the axial hole in the 
shaft to other radial holes underneath the bearings 
and syncromesh units of the gear box. The floor 
of the gear box is baffled to retain a predetermined 
oil level in dip troughs for the countershaft gears: 
excess Oil flows through a passage into an oil sump 
in the bottom of the converter housing whence it 
enters the scavenger pump intake. By this means 
the converter is not only kept full of oil under 
pressure, but all moving parts of the gear box are 
adequately lubricated. 


Since complete sealing of the converter is both 
unnecessary and undesirable, the single seal between 
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the rear pump flange and the converter housing is 
of the simple and rugged “double piston ring” type 
The small amount of oil that leaks through this 
seal serves to lubricate the drive gears of the oil 
pump and differential governor as it drains to the 
oil sump on the floor of the converter housing and 
is picked up by the scavenger pump. The scavenger 
pump discharges through a fine screen into the 
heat exchanger and thence into the external oil 
reservoir. Since the heat exchanger is supplied with 
water from the engine's cooling system, it not only 
restricts oil temperatures to about 270° F. but it also 
accelerates the attainment of an equable oil tem 
perature during warm-up operation in cold weathcr. 


Since the lubricant in the Hydro-Torque drive 
is used for a number of purposes it must possess 
a well balanced combination of several properties 
such as the following: 


a.In its capacity as a torque fluid and heat ex 
change media it should have minimum viscosity 
consistent with other requirements, avoidance of 
foaming, a reasonably low pour point, excellent 
oxidation stability, and avoidance of any dele- 
terious effects such as varnish or sludge either on 
or through contact with aluminum, steel, copper 
and bronze. 


b. As a gear lubricant, the oil must furnish ade- 
quate anti-scuff protection to steel helical, spur 
and bevel gears, and should promote ease of en 
gagement and long life of the syncromesh units 


c. The oil must lubricate a variety of plain and 
anti-friction bearings and thrust washers, and 
must provide a reasonable degree of protection 
against rust. 


d. For practical reasons the oil should be widely 
distributed, readily obtainable, usable for a con- 
siderable period. 


As a consequence of extensive experience and 
controlled field tests, the manufacturer of the 
Hydro-Torque now recommends the use of heavy 
duty type engine oils which are qualified under 
U. S. Army Specification 2-104B and which meet 
certain additional requirements. The SAE 20 vis 
cosity range is suggested for summer use and the 
SAE 10 for winter. A maximum drain period of 
12,000 miles is recommended in normal service and 
the entire system holds approximately nine gallons 
if the desirable precaution is taken of draining the 
converter. 


Printed in U. S. A. by 
Salley & Collins, Inc 
305 East 45th Street 


New York 17, N. ¥ 
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STEPS TO GREATER 


ENGINE ECONOMY 


KEEP RINGS FREE. Texaco D-303 Motor Oil pre- 
vents sludge and varnish deposits that cause 
ring sticking—assures rings free to give proper 
compression for full power and gréater gas 
mileage. 


7 XACO D-303 Motor Oil is the fully 

detergent and dispersive oil that cleans 
as it lubricates . . . holds deposit-forming 
materials in suspension until drained. Thus, 
you get many extra miles of full-power oper- 
ation between engine overhauls . . . fewer 
repairs .. . lower maintenance costs . . . real 
fuel economy. 

Let a Texaco Lubrication Engineer work 
with you on all your lubrication. Just call 
the nearest of the more than 2300 Texaco 
Wholesale Distributing Plants in the 48 
States, or write The Texas Company, 135 
East 42nd Street, New York 17, N. Y. 


KEEP VALVES CLEAN, lively acting. You'll have 
no hard carbon deposits to worry about when 
you lubricate with Texaco D-303 Motor Oil, 
fewer valve grinding jobs. Engines run smoother é 


longer. 


GET LONGER BEARING LIFE. Special additives 
in Texaco D-303 Motor Oil protect bearings 
against corrosion. At the same time, high film 
strength reduces scuffing and wear of vital 
engine parts. 





TEXACO Lubricants and Fuels 


FOR ALL TRUCKING EQUIPMENT 





Reduce Chassis 


Qe eee ee a 


and Wheel Bearin 


maintenance costs 


MORE than 300 million pounds of Marfak have been sold! 


OWN come chassis maintenance costs when 
D you use Texaco Marfak to lubricate spring 
shackles, steering knuckles, universal joints and 
propeller shaft bearings. Texaco Marfak assures — 


1. Lasting protection — Texaco Marfak stays in 
the bearing under heavy loads and rough 
service. Parts get better protection, last 
longer — yet fewer applications are necessary. 


2. Rust prevention — Texaco Marfak acts to seal 
out both dirt and moisture. Ordinary road 
splash won't wash it out. In addition, it has 


THE TEXAS COMPANY ° 
ATLANTA, GA. 864 W. Peachtree Street 
BOSTON 17, MASS. 20 Providence Street 
BUFFALO 3, N. Y. 14 Lafayette Square 
BUTTE, MONT. . 220 North Alaska Street 
CHICAGO 44, ILL. 332 So. Michigan Avenue 
DALLAS 2, TEX. 2310 So. Lamar Street 
DENVER 1, COLO. 910 16th Street 


SEATTLE 11, WASH. 


TEXACO PRODUCTS ° 
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the property of keeping moisture off metal, 

preventing rust. 
In wheel bearings, use Texaco Marfak Heavy Duty. 
It seals itself in .. . seals out dirt and moisture. 
And because it stays iv the bearings, it stays off the 
brakes — an important safety factor. It's a year 
‘round lubricant, too — no seasonal repacking is 
required. 

Let a Texaco Lubrication Engineer help you 
with a// your lubrication. Just call the nearest of 
the more than 2300 Texaco Wholesale Distributing 
Plants in the 48 States, or write The Texas Com- 
pany, 135 East 42nd Street, New York 17, N. Y. 


DIVISION OFFICES 

HOUSTON 1, TEX. . . 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL. . 929 South Broadway 
MINNEAPOLIS 2, MINN. . 300 Baker Bldg. 
NEW ORLEANS 6, LA., 919 St. Charles Street 
NEW YORK 17,N. Y. . 205 East 42nd Street 
NORFOLK 1, VA. Olney Rd. & Granby St. 
1511 Third Avenue 


Texaco Products distributed throughout Canada by McColl-Frontenac Oil Company, Limited, MONTREAL, CANADA 














